Volatile flavour components of tea flowers (Camellia sinensis) were isolated by two methods viz. simultaneous distillation extraction (SDE), supercritical fluid extraction (SFE), analyzed by GC and GC/MS and compared with headspace analysis (HS). The composition of the volatile components extracted by the three methods differed considerably. In SFE, phenylethanol (14.7%), linalool (7.9%), (E)-linalool oxide furanoid (3.5%), epoxy linalool (1.6%), geraniol (2.3%) and hotrienol (1.5%) were major components. m-Xylene (2.6%), (E)-linalool oxide pyranoid (5.4%), p-myrcene (5.2%), α-cadinol (4.3%) and methyl palmitate (2.9%) were major compounds isolated by SDE. 3-hexenol (2.1%) (E)-4,8-dimethyl-1,3,7-nonatriene (20.9%) and linalool (35.1%) are major components in headspace analysis. Acetophenone and pheromone germacrene D is detected in tea flowers by all the methods studied. Floral, fresh and fruity odour of tea flowers is retained by SFE as there is very little loss of heat sensitive volatiles in SFE. The flavour isolated from SFE has superior quality compared to SDE.
Tea obtained from the plant Camellia sinensis (L.) O. Kuntze is the oldest non alcoholic beverage in the world. Germplasm characteristics inherent in the tea shoots and agro-climatic conditions determine the quality of the product [1a-1c] . Flavour, the most important quality parameter of made tea comprises of aroma and taste. Aroma of tea is complex mixture of volatiles consisting of alcohols, terpenes, sesquiterpenes, nitrogenous aromatic compounds and oxygenated hydrocarbons present in trace amounts [1a,1f] . Many studies have been undertaken on volatile flavor composition of black as well as green teas of different regions of the world [1b-1f] but studies on the volatile composition of tea flowers are very scanty. Tea produces flowers and seeds in plenty. Recently, tea companies in India and China have begun to process fresh tea flowers for blending into specialty teas to make it flavoury. Tea being a cross pollinated crop, its flowers emit a fresh fruity odour.
Earlier workers studied composition similarity in polyphenols and caffeine between tea flowers and tender tea shoots, and their antioxidant activity [2a-2b] . Few studies have analyzed the tea pollen proteome under different storage conditions [2c-2d] .
Geographical and clonal variations influence the aroma constituents of tea shoots [1c] . Clones within the same cultivar/variety exhibit different aroma patterns under different agroclimatic zones. Slight change in climate factors result in noticeable changes in the composition of aroma complex [1c] . Since, no work has gone in to characterization of aroma components of tea flowers and the impact of geographical variations, it is therefore important to study the volatile composition of tea flowers growing in Kangra valley, India.
Simultaneous distillation extraction (SDE), hydro distillation and Soxhlet extraction have been used for extraction of volatile compounds from floral and foliage of plants. All these methods involve heating and use of solvents which may result in analyte loss during sample preparation and solvent removal [3a] .
Supercritical fluid extraction (SFE) extracts volatiles at low temperatures. The extraction property of CO 2 changes many folds by altering the temperature and pressure of extraction [3b-3c].
Headspace (HS) analysis was chosen for the analysis of the volatiles with high thermal diffusibility in the flower to get the complete composition of the VFC of the flowers.
HS conditions were optimized with respect to temperature (60 to 100°C), duration of extraction (60-120 min) to reach optimum conditions of extraction of VFC of tea flowers. The partition coefficients of aroma chemicals between the flower matrix and air in the headspace depend mainly on the temperature and duration of extraction. In SFE, optimization of extraction parameters was done at temperatures between 30 to 45°C and pressures between 60-100 bar. The optimum conditions were found to be 40°C and 85 bar for tea flowers. Our own findings are that longer dynamic extraction resulted in loss of linalool in the extracts (data not given). Higher temperatures were avoided as they lead to generation of balsamic notes instead of the fresh floral notes. Earlier studies on extraction of essential oils and vegetable matters by SFE show that extraction pressures lower than 100 bar and temperature between 35 to 50°C should be employed [3d] . The recovered yield of flavor was 0.291% at the optimized conditions with fat and waxes. After removing fat and waxes, the final yield of extract was 0.068%. The SFE yield is 0.019-0.22% for rose geranium, 1.2% for lavender [3e].
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In SDE, distillation-extraction time and solvent are important parameters that affect reproducibility of extraction. Dichloromethane was used as a solvent as wide range of flavour compounds can be extracted in it, but care was to be taken that traces of HCl are removed which may lead to artifact formation due to rearrangements [3f]. The SFE yield was 0.05%.
The GC and GC/MS profiles of the isolated VFC by SFE and SDE were compared to the headspace analysis of the flowers. Volatile constituents identified in tea flowers, with their concentrations and Kováts indices on a DB-5 column are given in Table 1 . GC/MS profile of tea flowers shows the presence of terpenoids, alcohols, aldehydes, ketones, esters and long chain hydrocarbons. Monoterpene hydrocarbons were not detected in any of the extracts. Among the volatile constituents non terpene hydrocarbons and their oxygenated derivatives dominated as compared to terpene compounds in all isolates. Diterpenes, oxygenated sesquiterpenes, fatty acids and esters were absent in HS. Maximum number of constituents was recorded in SEF Volatile components of Camellia sinensis Natural Product Communications Vol. 6 (8) 2011 1157 from which 62 comprising 89.2% of the oil were characterized. SDE followed by 48 compounds comprising 93.9% while HS analysis afforded characterization of 10 constituents comprising 83.4% of total oil. Common volatiles 3-hexenol, benzene methanol, acetophenone, (E)linalool oxide (furanoid), linalool, methyl salicylate and geraniol recorded in all the extracts and other volatiles epoxylinalool, hotrienol, α-ionone, and β-ionone are also major compounds of Kangra orthodox black tea aroma [4a] .
Acetophenone is the major constituent in the GC profile of the tea flower constituting 12.9, 31.1 and 20.0%, respectively in SFE, SDE and HS and has been reported in essential oils from flowers including Silene otites, Cistus ladaniferus, Hypericum scabrum etc. Germacrene D is the only pheromone detected in the extracts. Germacrene D, a sesquiterpene hydrocarbon is reported to have repellent activity against aphids [4b] and ticks [4c].
The major VFC in the HS were linalool, (E)-4,8-dimethyl-1,3,7-nonatriene, acetophenone, 3-hexenol, benzene methanol, 2,4-pentadienal, methyl salicylate, (E)-linalool oxide (furanoid), geraniol, germacrene D and α-cadinene.
Methyl salicylate was the only ester in HS while few other esters imparting sweet woody phenolic note viz. methyl anisate, benzyl benzoate, ethyl palmitate, and butyl phthalate were recorded in SFE and SDE. Isopropyl myristate and methyl linoleate were two esters identified in SDE but not detected in SFE. Unlike SDE and SFE, oil glands are not fully exposed during headspace analysis. High boiling sesquiterpene hydrocarbons and oxygenated sesquiterpenes are either retained or slowly released due to their low partition in the gas headspace. SFE extract had higher amounts of linalool oxide (furanoid,), phenylethanol, epoxylinalol, geraniol, 5,6,7,7a-tetrahydro-4,4,7a-trimethyl-2(4H) benzo-furanone, α-terpineol compared to SDE. Low boiling point alcohols viz. 2-pentenol, 3-hexenol, and 1-decanol recorded higher levels in SDE than SFE and HS while 3-hexenol was highest in HS analysis. Not much difference was found in the sesquiterpene hydrocarbon content in aroma extracts by the two methods viz. SFE and SDE but their content in headspace were quite low.
Fatty acids viz. 3-hexenoic acid, hexanoic acid, oleic acid, geranic acid, hexadecanoic acid, octadecanoic acid and eicosanoic acid were also present in higher amounts in SDE. The aroma isolated by SDE had a slight cooking odor. This could be due to decomposition of thermally labile components in the extract. The isolated aroma of tea flowers by SFE had fresh, floral notes.
The obtained extracts were characterized by GC/MS and organoleptic quality (color and odor) was evaluated and compared. The SFE extract of tea flower with very fresh natural floral-fruity character and a pale yellow color could find use in perfumery industry.
Experimental
Materials: Fresh tea flowers (C. sinensis) were plucked in the morning before sunrise from experimental tea garden of the Institute of Himalayan Bioresource Technology (CSIR), Palampur, HP, India in the month of August. Dichloromethane used was of HPLC grade (Merck, Mumbai, India). Anhydrous sodium sulphate was of AR grade (Merck, Mumbai, India).
Simultaneous distillation extraction (SDE): A modified
Likens and Nickerson's apparatus [4a] with an extended condenser and an air vent connected to a vacuum pump maintained at 200 mm Hg. One hundred grams of tea flowers, 600 ml of boiling distilled water and 20µL of ethyl caproate as an internal standard were placed in a 1l capacity round-bottom sample flask. The collector flask was charged with 20 ml of HPLC-grade dichloromethane. Volatile compounds isolated from SDE were dried over anhydrous sodium sulfate and concentrated under a flow of nitrogen following [5a] .
Supercritical fluid extraction (SFE):
The extraction was carried out in a 5L capacity computer controlled laboratory apparatus, fitted with external and internal heating jacket, two 1L capacity cyclone separators with cooling jackets (Thar Technologies Inc., U.S.A). System is equipped with high pressure CO 2 pump, mass flow meters, automated back pressure regulators and manual back pressure regulators. The system was fitted with chillers (NESLAB, Thermo Electron, Newington, U.S.A.) and CO 2 cylinder filled with ultrapure liquid carbon dioxide gas. Fresh tea flowers (900g) were loaded into high pressure stainless steel extraction vessel. Initially, extraction vessel was pressurized with supercritical CO 2 up to 85bar and 35°C for 60 min. Then extraction was carried out in a dynamic mode for 90 min. The first separator was maintained at 80-90bar, -9 to -10°C while second separator was maintained at 20-30 bar, -5 to 0°C. The isolated VFC was collected in the second separator at 4°C to trap maximum volatile components. Waxes were removed and VFC concentrated under a flush of nitrogen to 100µl before analyzing on GC and GC/MS.
Gas Chromatography:
Concentrated extracts were analyzed in splitless mode on an Agilent Technology 6890 Series II Gas Chromatograph equipped with FID and HP-5 column (30 m x 0.320mm i.d. coated with a 0.25 µm film, J & W Scientific). Nitrogen was the carrier gas. The column temperature was programmed from 40°C to 220°C at 4°C rise per min. The injector and detector temperatures were 250°C and 300°C, respectively.
Gas Chromatography/Mass Spectrometry (GC/MS):
GC/MS was performed on a Shimadzu QP2010 system with 2010 GC. A DB-5 SGE column (30 m x 0.25 mm id, film thickness 0.25 µm) was used with helium as a carrier gas with flow rate 1.10 mL/min. The injector temperature was 220°C in splitless mode. The GC oven temperature was programmed to hold at 70°C for 4 min, ramped at 4°C/min to 220°C, held isotherm for 5 min. Ion source temperature was 200°C. The MS was scanned at 70 eV over 40-600 a.m.u. Relative percentages were calculated from TIC from the automated integrator. The Kovats indices (KI) were calculated relative to C 8 -C 30 directly injecting under the above temperature programme.
Gas chromatography mass/spectrometry headspace analysis: Divinylbenzene/carboxen/poly dimethyl siloxane fiber (50/30µm film thickness) obtained from Supelco Co (Bellefonte, PA) were used. Before use the fiber was conditioned for 1 h at 270°C. Fresh tea flowers (0.5 g) were placed in a 40 mL glass vial sealed with crimp top caps and immediately stored at -5°C before HS. HS analysis was done on a Shimadzu headspace auto-injector AOC-5000 connected to Shimadzu GC/MS (QP2010) with fused silica DB-5 capillary column (30 m x 0.25 mm id, film thickness 0.25 μm) SGE, USA. Each vial was equilibrated at 80°C for 60 min. After 1 h of fiber exposure in the sample headspace, the fiber was thermally desorbed in GC/MS injection port for 2 min. The injector was set at 220°C and operated in splitless mode.
Identification of components:
Kovats indices (KI) were determined on DB-5 column with a mixture of n-alkanes (C 8 -C 30 ). Identification of compounds was first attempted using mass spectral libraries Wiley 7 and NIST 02. Corroboration of the identification was then sought by matching mass spectra of compounds with our own library using some authentic flavour compounds and literature and finally by matching the KI reported on equivalent column [5b-5d] 
